LEGIBILITY NOTICE

A major purpose of the Techni-
cal Information Center is to provide
the broadest dissemination possi-
ble of information contained In
DOE’s Research and Development
Reports to business, industry, the
academic community, and federal,
state and local governments.

Although a small portion of this
report is not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.

1



SLP G 18y

_ .3y A @may N0 0" . . —1_. 1 TORTEe0 Ty '%e Un verty Of Cpirtarnig ‘or "me urited Siales Defern=en: ot € erQy ngEr Camirmct a tetY Fo,

LA-UR--89-2960
DEB9 016777

TITLE HADRON DISTRIBUTIONS AT CERN - HEAVY 10N EXPERIMENTS

AU TMOA:S) Barbara Jacak

SUBMITTED 1O Proceedings, NATO Summer Instlitute on the Nuclear FEquatfons
of State, Penlscola, Spain, Mav 1 = June 3, 198Y

DISCLAIMER

This report was prepared as an account of work spomsored by an agency ot the inifled States
Gavernment  Nenher the Umited States Government nor any agenvy thereol, nor any ol theit
emplovees makes anv warranty express ot imphed, o assumes any legal habibity o esponsg
by Tar the accura , completeness or asefulness of any information, apparatus, proeduct, of
proaess disclosed o eepresents that ity ose would oot minnge poy el owned nights Reler
e heren tooany specibie commercal praduct provess o sevice by trade e, trademark,
manufaclurer o otheraane ey oot necessandy o iate o uuphy iy endocscment  tecwm
memdation or Loavonng by the U mited States Cunernment ae ans agenoy thereal The views
At oy ol guthors eapeessed petein o not necessanthy afate o reflect thowe of the

U nded States Canvernment or any agency thereol

B 000001070 = 10 @8 eI A ICUPP 101 P8 PO U Y GOR Rmenl 1918.71 § "ORELCIvETE - Syaily 1190 1 ON18 1g Dyl tn OF  BPINduce
'RIDuBdneE ‘O™ 31 S8 (BN D, oA P 0 anem ONS'E 10 00 10 ‘W U S Goeer~™men) gy D08l

Thg .08 A @AY Q' 0" DI . SOOIy (9 .EY'Y RQ) IRG BuUD-I0r AENLPy Ry grLig B mBRA 290" ™00 RO M LD @ 1RQ U § Tmperime~ 1 T S0y

N - e
LOS AI2MNOS Loshemos Natona Lavorarr

/
s )

. QiaTHIBU TG UL N e 1IN


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


HADRON DISTRIBUTIONS AT CERN - HEAVY ION EXPERIMENTS

Barbara Jacak

Los Alamos National Laboratory
Los Alamos, New Mexico 87545
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1. INTRODUCTION

Ultrarelativistic hcavy ion experimeats have received considerable attention as
they provide an opportunity to study large volumes of nuclear matter at high energy
density. It has been predicted that such collisions can reach sufficiently high energy
densities to deconfine the quarks and gluons,! forming a short-lived plasma.

The study of hadron distributions is an essential part of the search for new phe-
nomena in heavy ion collisions. Hadron spectra have been measured over a large range
of rapidities and transverse momenta for p-p collisions.? Comparison of the spectra
from nucleus-nucleus collisions with those from p-p allows a search for effects beyond a
simple superposition of nucleca-nuzleon collisions. Pions are produced in the nucleon-
nucleon collisions, and their rapidity distributions‘indicate the relevant center-of-m-ss
in a nucleus-nucleus collision; these distributions are strongly affected by the multiple
collisions undergone by the projectile nucleons. The hadron p; spectra may indicate the
degree of thermaiization reached, or be niodified by collective expansion of the highly
excited central region.34*® Comparison of the p; specira of hadrons of different mass
is , :cessary to sort out effects of collective expansion and thermal emission.

Thermal models™® predict that strange particle production should be greatly
enhanced if a plasma is formed in the reaction. However, the final hadronization process
is very romplicated and may obscure signals from the plasma.? Also, it has not been
established that thermal equilibrium is achieved in vltrarelativistic heavy ion collisions,
and the strangeness production predicted for a plasma or for a chemically equilibrated
hadron gas is quite different than that predicted by non-equiiibrinm models. ' A< theae
collisions do not result in a baryon-free central region, effects of secondary collisions on
the strange particle abundances may also be important.'! Clearly, there is an urgent
need for experimental data; HELIOS measures strangeness production via the kaons

A great deal of information is provided by the p, and rapidity distnibutions of
protons in heavy ion collisions. The proton rapidity distributions indicate the degree
of swopping in the collision, and the rapidity dependence of the p, spectra can pro
vide some clues about the stopping mechanism. It 18 not currently known whether
collisions of the projectile nucleons beyond the first are hest described as collisions of
“wounded” nucleons or as collisiens of normal, but slower, protons and neutron. |
fecty of rescattering in the spectator matter are also likely to be unportant and b i
strongly influence the proton distributions,



II. EXPERIMENTAL

The results presented in this paper are taken from the HELIOS experiment at
the CERN SPS. HELIOS (High Energy Lepton and Ion Spectrometer) measures the
energy flow over the whole solid angle with good resolution in energy and angle, to
select everts with large amounts of energy deposited. The experiment measures the
influence of this large energy deposit on charged particle multiplicity flow, hadron p,
distributions, lepton pairs and photons. Data have been collected for 60 GeV/A O and
200 GeV/A p, O, and S beams on various targets.

The overall charged particle multiplicity is measured via two highly segmerited
silicon pad counters placed several centimeters behind the target. Each pad is read out

into a discriminator for trigger information, and into an ADC to allow resolutinn of
multiple hits.

Single particles are detected in HELIOS using a magnetic spectrometer examining
the events through a narrow azimuthal gap in the calorimeter coverage. This slit covers
the pseudorapidity interval 1.0-1.9. To support the calorimeter, the slit is filled with
aluminum hexcell, 0.03 radiation lengihs thick. The slit opening is 10 cm vertically,
so the azimuthal coverage varies from 2.1% at n=1.9 to 0.75% at n=1.0. A magnet
with a momentum kick of 80 MeV/c and two high resolution drift chambers provide
the momentum measurement. The horizontal coordinate is measured via the drift time
(o0z ~ 200um) and the vertical coordinate via charge division (g, ~ 1.0cm). Particle
identification is provided by two time-of-flight scintillator hodoscooes behind the second
drift chamber, with a flight path from the target of 5 meters. The first wail covers the
small angle section [o the acceptance, and has a time resolution o, ~ 250 ps. The second
wall has about half the resolution. Its timing is adequate to resolve pions and protons
at large angles, and it provides redundancy in the forward part of the spectrometer.

III. CHARGED PARTICLE PSEUDORAPIDITY DISTRIBUTION

The pseudorapidity distribution of charged particles from 60 and 200 GeV A
O beams cclliding with several targets'? is shown in Fig. 1. For each target, three
multiplicity distributions are shown, corresponding to cuts on the {ail, knee and plateau
of the transverse cnergy distribution measured in the calorimeters. These cuts saraple
different regions of impact parameter: the plateau region comes from collisions without
full overlap of projectile and target, full overlap occurs just before the knee in the I,

spectrum, and the tail corresponds to very central collisions, with fluctuations to higl
E..

The peak of the distributions dN,,/dn is clearly shifted towards smaller pseudo-
rapiditics with increasing E; and increasing target mass. This reflects the displacement
of the effective center of mass due to the increasing number of participating target nu-
cleons. The backward displacement is accompanied by a slight reduction of the width of
the pseudorapidity distributions, which is expected as the degree of stopping increases,
Note that the observed widths are considerably larger than those expected from the
isotropic decay of a fireball. The maximum rapidity density is independent of beam
energy and target mass, and is a function of F, only.

The solid curves in Fig. ) are absolute predictions from the IRIS 3.05 generator, !
which is based on the dual parton model.'* The IRIS prediction does not fully reproduce
the backward rapidity shift with increasing E;. This is a possible indication of the
importance of target fragmentation and intranuclear cascading, neither of which s
included in the model.  Additionally, IRIS may underestimate the stopping of the
projectile by the target nucleus,

IV PION TRANSVERSE MOMENTUM DISTRIBUTIONS

Figure 2 shows the transverse momentuin spectra do o p? for negative parin e,
dominantly pions, measured in the external spectrometer.’ The spectra are corrected



by Monte Carlo for effects of detector acceptance and resolution, particle decay, and
conversion of photons in the material upstream of the spectrometer. The three spectra
correspond to p+W, O+W and S+W collisions. The spectra are for central collisions,
and reflect different threcholds on E; measured in the calorimeters, corresponding to
approximately 25% of the geometrical cross seciion. It is clear that the p, spectra
cannot be described by a single exponential. Fitting an exponential distribution to
limited p, ranges in the S+ W data yields inverse slopes of of 210 MeV/c for 0.5 < p, <
1.5 GeV/c, and 85 MeV/c for 0.075 < p, < 0.25 GeV/c.

The rise in cross section at low p, has been reported at more central rapidities
in heavy ion collisions at CERN,'® in p-nucleus collisions at Fermilab,!? and in cosmic
ray data.'® In our data, which extends into the target rapidity region, 40% of the pions
observed arise from the low p; excess. Consequently, a process which creates 2-4 soft
pions per p+W central coilision is required. The effect is somewhat smaller at higher
rapidities.!®

The rapidity dependence may help distinguish among possible soft pion produc-
tion mechanisms. Pions produced by rescattering in the target or from the decays of
A and N resonances should be observed close to the target rapidity, in contrast to a

central rapidity source undergoing a collective expansion, such as proposed in reference
18.

In Fig. 2, the p, spectrum from p+W is compared to-a parameterization of
minimum bias p-p data (given by the full line). In addition to the low p; excess,
enhanced production of particles at high p, is evident. This was first observed by
Cronin, et al.'® The spectra of nucleus-nucleus collisions closely resemble those from
p-nucleus collisions, and a similar enhancement at high p; occurs.

Figure 3 compares the shapes of the p; spectra form different projectiles by plot-
ting ratios of the spectra as a fun-tion of p,. The ratios are normalized to unity in
the range 0.25 < p; < 0.5 GeV/c, since the ab-olute ratio is not meaningful for data
taken with different E, thresholds. A clear projectile dependence is observed. Both
osw /0pw and ocow /opw deviate from unity. A latger projectile results in a larger high
p: enhancement.

It has been suggested that the Cronin effect is due to rescattering of partons?*’ or
pions in the target nucleus. This must lead to a larger enhancement of high p, particles
at target rapidities compared to central rapidities.

The projectile dependence is also visible in the mean transverse momenturm, when
the values of ~ p, > are determined in the range 0.4 to 2.0 GeV/c. « p; * is calculated
in the given range, then extrapolated to the mean of the entire spectrum under the
assumption of a purely exponential shape. The requirement p, 400 MeV ‘¢ excludes
the low p, rise, so the result may be compared with p-p collisions. It is important
to note that the < p; > values obtained can be affected by deviations in the spectral
shape from exponential. We find <2 p, > — 41315, 408! 10 and 37210 MeV ¢ for
SeW O+«Wand p« W respectively, each with a systematic error of 10 MV ¢, - py
varies with rapidity due to kinematics in p+p and p+ A collisions. In our 8+ W data,

pt - decreases by 301 10 MeVic from 1.45< y < 1.9t0 0.9 y « 1.45. Within errors,
this kinematic effect does not change the projectile dependoence of the py distribution.

'To study the E, dependence of the negative particle py spectra, data for 8 - W oand
S« Pt collisions are combined as they show no difference (within statistical accuracy).
Figure 4 shows - pe -+ as a function of Ky. - p¢ - rises by 50 MeV,c from peripheral
collisions to those with - half-overlap of the target and projectile. [t then remamns
approximately constant to very central collisions in which the highest energy densities
are achieved.

In peripheral collisions the number of participants varies strongly with irepact
parameter.  According to the Cronin effect, - pe - irereases with the number of



participants. This rise is 20 MeV /¢ in p-nucleus collisions!?, and larger in nucleus-
nucleus collisions. Once full overlap of target and projectiie arc reached, the Cronin

effect should not increase further with E;. However, < p, > in the sulfur data becomnes
constant before full overlap is reached.

The constancy of < py > with E; can be interpreted with either a hydrodynamic
or microscopic picture of nucleus-nucleus collisions. Hydrodynamic models have the
option of including a hadron-parton phase transition or a pure hadron phase. In case
of a phase transition, a constant < p, > arises from the coexistence stage of the two
phases in a natural way, due to the constant temperature and pressure, i.e., the absence
of strong hydrodynamical expansion effects at energy densities not too much above the
critical density.®24 For a purely hadronic system a constant < p; > can be obtained
if the hadrons always decouple at the same number density (at the same temperature
independent of the initial stat&? and if there is only longitudinal hydrodynamic expan-
sion. Nvwerical calculations for a pure hadron phase do, however, show transverse
exparsion effects, resulting in a < p; > rise of about 30% over the energy density
range accessible in this experiment. Microscopic models cal. give approximately con-
stant < p; > since the hadronization process masks the increased < p; > of the partons
with increasing number of parton :te.actions lead'ng to higher E;.

V. KAON PRODUCTION

Particles in the external spectrometer are identified by calculat.ng the mass from
the momentum determine by the drift chambers and the flight time measured in the
scintillator walls. Flectrons with p; < 175 MeV/c are removed via a momentum-
dependent cut in mass?. Maas? is a better variable than mass because the resolution
broadens the peak:, which can extend below 0. At higher values of p; the electron
contamination is negligible. The mass? spectra in Fig. 5 show clear peaks for pions.
kaons and protons. These spectra are fit with the sum of three gaussians centered at the
mass® of the 7, K and p; the areas of the gaussians yield the numbers of the different
tvpes of particles. Simultaneous fitting of all three peaks allows determination of ihe
particle disiributions into the momentum region where the peaks begin to overlap. The
contribution of the tails of the other peaks is corréctly subracted in this procedure. As
the flight tim» is measured twice, the mass? spectra are very clean and no background
subtraction is necessary. The spectometer accep.ance, K and 7 decay, and multiple

scattering in the spectrometer material are simulated by Monte Carlo and the data
corrected for these effects.

Figure 6 shows the p; spectraofl K* and A fory 1.0-1.3. The K*' p¢ spectrum
is flatter tuan K | in contrast to p-p collisions, where they have approximately the
same slope. For S+ W, the K inverse slope is between 300 and 350 MeV /o in p-p
collision: the inverse slope for kaons is 350 Mc¢V/c. It is important to nete that the
different slopes for K* and K unply a different behavior of the K 7 ratios in 8« W
than i p-p collisions.

\ convenient way to compare the spectra of K and 7 1s to plot the invariant
cross sections as a function of the transverse mass, where M, piocomcs In pep
collisions the data show an approximate scaling behavior with Ay e the M spectra
Tor different particles fail roughly onto the same curve. Though emission of particles
from a 'hermal source would give rise to M, scaling, the reason for this scaling in p-p
collisions 15 unclear. Also 1t is important to note that the scaling is only approximate;
there are deviations of factors of 3-4 10 cross soction between the curves for different
particles.  The slopes for different particle My spectra are rather similar, however.
Figure 7 ows M spectraof K K and a1 from S+ W, The points corresponding to
the ditferent particles do fall roughly onto one curve, hut the K'Y spectrun is somewlat
flatter than K and » . This deviation implies a rising ratio K' . a ' for increasing
Pe

Figure 8 chows the ratios of charged kaons to prons as a function of pean the
prdity range 1 O-1° 3 The upper poimnts represent K0 =7 and vhe lower points iy



Lne qasned and solid lines show the K/ ratios observed in p-p collisions at the ISR for

V5 =23 GeV21i22 for positive and negative particles, respectively. In order to compare
with nucleus-nucleus data at rapldlty 1.0-1.3, the p-p results have been scaled down
from the ratios observed at midrapidity. As the external spectrometer measures i, »

about 1 unit below the peak in the rapidity distribution of the energy and particle flow

in S+ W, the ratios for p-p collisions are also scaled from midrapidity by 1 unit. We
scale from the effective center of mass rapidity determined by the energy/particle flow
peak because each projectile nucleon collides with several target nucleons in S+ W reac-
tions. Thus the projectile nucleons undergo an energy degradation during the reaction,

so the average /s is lower than the /s of the first collision. In p-p data all collisions’
occur at the same /s. It is imporiant to scale by the distance from midrapidity rather
than the distance from the target fragmentation region because kaons are produced
predominantly in the central region. The ranges showed by the solid and dashed lines
in Fig. 8 reflect the uncertainties in the scaling procedure.

Comparison with expectations from p-p collisions allows a search for excess
strange particle production in nucleus-nucleus collisions. It is clear from Fig. § that
at low p, there is no excess of strange particlesl in S+ W. The K/n ratios are perhaps
somewhat lower than those observed in p-p collisions, as one might expect from the
rise in cross section for very low p; pions. For p, > 400 MeV/c, the K*/n* ratio
observed in S+W begins to exceed that in p-p collisions. K~ /7~ does not show an
excess in the p; range accessible. The increasing excess of K/7 with p, has been ob-
served in 14.5 GeV/A Si + Au collisions by E802 at the AGS.?3 Though their data
are concentrated at high p,, there is a small region of overlap between the p, coverage
of HELIOS and E802. In this region, the K/m ratios for both positive and negative
particles are very similar even though the bombarding energies differ by more than an

order of magnitude. We find no strong E; dependence of the rise in K/ above values
from p-p collisions.

Such an increase in K /7 has been predicted by Mattiello and coworkers, using the
Relativistic Quantum Molecular Dynamics model of the nucleon and produced particle
transport in heavy ion collisions.!' The calculation produces a final kaon yield approxi-
mately double that of the primary nucleon-nucleon collisions, with the additional kions
arising from rescattering of the produced particles and participating nucleons in the
surrounding targe inattcr. The kaons produced by rescattering have the correct py de-
pendence: they are produced with a larger < p,; > than kaons from the initial collisions.
The magnitude of the rescattering effect must depend strongly on the baryon density,
and comparison of predicted rescattering effects with results from HELIOS where p ' n
ts approximately 10-20°% and with results from E802 where p/#n* approaches 100%
should determine whether this explanation of the excess K/ 7 is correct.

VI. CONCLUSIONS

We have presented AN/ dn distributions for charged particles from nucieus-nucieus
collisions at the CERN SPS. We have also studied the transverse inomentum diciribog
tions of pions and kaons in the external spectrometer, in the vicinity of v 1.

Negative particle spectra, consisting mainly of pions, show an excess at higr p.on
p-nucleus and nuclenus-nucleus collisions, compared to p-p. This is known as the ¢onm
effect, and is more pronounced for la-ger projectiles. The Cronimn effect probably areoes
from parton or hadron rescattering. There is a large excess of soft pions in p nuclens ond
nucleus-nucleus collisions. The process yielding these pions is not currentiyv understood.
the low py excess is larger at target-like rapidities than at mmdrapidity. The © - py
rises from very peripheral to more central collisions, but then remains constant with
further increases in F,. This 1s not consistent with expectations for a thermalized
hadron gas, unless it undergoes longitudinal expansion only. It is not clear how 1o
interpret the constant - pe -, but 1t must be stressed that the isolation of transverse
expansion eflects from the shape of the p, spectra alone remains questionable e long
as the observed excess at low pe and the Cronin effect at high pgoare not simultaneons by
accounted for.



We observe an excess in K/ over resuits from p-p collisions for positive particles.
This excess causes the K+ p, spectrum to be flatter than the K/~ spectrum, which

has a slope comparable to K~ in p-p data. A similar effect at comparable values of p,
are observed in lower energy collisions at the AGS. The kaon enhancement is consistent
with expectations from rescattering of pions and kaons formed in the primary nucleon-
nucleon collisions. The interpretation of these results will be aided by comparison with
results from p-nucleus collisions, currently being analyzed.
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